Two new indolocarbazole alkaloids, 4'-Af-methyl-5'-hydroxystaurosporine (2) and 5'-hydroxystaurosporine (3), were isolated together with the known staurosporine (1) from the culture broth of a marine Micromonospora sp. (strain L-31-CLCO-002). The fermentation, structural data and cytotoxic activities of these compounds against various tumorcell lines are
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Marine microorganisms are potentially a prolific source of highly bioactive secondary metabolites^that might represent useful leads in the development of new pharmaceutical agents.
In the course of our screening program for novel antitumor metabolites produced by microorganisms inhabiting the marine environment, we have isolated the knownstaurosporine (1) and two new minor staurosporine analogues, 4'-A^-methyl-5'-hydroxystaurosporine (2) and 5'-hydroxystaurosporine (3) , from a marine Micromonospora sp. strain L-3 1-CLCO-002. Staurosporine was first isolated in 1977 from Saccharothrix sp. AM-22822). Its structure and relative stereochemistry were determined by X-ray crystallographic analysis3'4) and by ]H and 13C NMRstudies5). The absolute stereochemistry could only recently be established6^. Since Tamaoki et al. reported staurosporine to have potent inhibitory activity for protein kinase C (PKC)7), staurosporine and analogues have become very important compounds, which are used frequently for various biochemical experiments, and some of them are potential medicines8).
The active compounds were obtained by aerobic fermentation under controlled conditions and the structures of (2) and (3) have been elucidated by NMRand mass spectra, mainly by comparison of their data with those of staurosporine (1) . The new compounds (2) and (3) possess the indolo [2,3-a] carbazole chromophore of staurosporine, but differ in the substitution pattern of the sugar moiety ( Figure 1 ). We describe herein the taxonomical characterization of the producing strain, fermentation, isolation, structural elucidation and cytotoxic activity of these metabolites.
Experimental
Taxonomyof the Producing Strain Strain L-3 1-CLCQ-002 was isolated from a homogenate of the sponge Clathrina coriacea collected on the coast of Fuerteventura Island in the Canary Islands archipielago. The strain was deposited with an accession number of CECT-3347 at the Coleccion Espafiola de Cultivos Tipo (Valencia, Spain). All other strains used in this study were from different culture collections.
Morphological studies were carried out with a light microscope and a scanning electron microscope. The cultures were grown at 28°C for 21 days on chitin agar Fermentati on Staurosporine (1) and staurosporine analogues (2) All of the mediumswere supplemented with sea water 25%. referenced to the CHC13peak at 7.26 ppm for lR and 77.0 ppmfor 13C. FAB-MSspectra were carried out with a VG ZAB-SEspectrometer.
Results and Discussion
Taxonomyand Fermentation
Strain L-3 1-CLCO-002 forms branched mycelia with the absence of aerial mycelium. The spores are single and they are formed directly from the hyphae (Figure 2 ). The vegetative mycelium showed an orange colour in most media (Table 1) and there was an absence of secretion of pigments in any of the media tested. The physiological Glutamic acid
properties of strain L-31-GLCO-002studied are shown in Table 2 . One relevant result is the dependence on salt for growth. The optimal growth occurred in the presence of 14 % of sodium chloride. The isomer for the diaminopimelic acid found after whole-cell hydrolysis was the meso form. The production of active metabolites reached a maximumaround 144 hours of fermentation. At this point, the packed cell volume was 6% of total broth volume and the pH had reached 7.6 from a starting value of7.
Isolation and Purification
A flow diagram of the isolation procedure is shown in Figure 3 . The pooled 10 liters of culture broth was filtered with diatomaceous earth. The mycelial cake was extracted three times with 3 liters of chloroform -methanol -water (2 : 1 : 1). The organic layer was dried over anhydrous Na2SO4 and concentrated in vacuo to dryness to give a crude residue (3.2g). The residue was applied to a silica gel "vacuum flash" column for chromatography VFC(L=9 cm, 0i=9 cm). After washing with 300ml of w-hexane-ethyl acetate (1 : 1), the column was developed with an ethyl and analytical reversed phase HPLCphotodiode-array.
The active fractions were combined (250mg) and chromatographed on a silica gel column (2X30 cm) with a chloroform-methanol gradient (100 : 0->90 : 10) as the eluent. Anactive fraction was eluted with chloroformmethanol 98 : 2 and a second active fraction was eluted with chloroform-methanol 95 : 5. Each of these fractions were chromatographed on a column of C1 8 reversed phase (1.8 X 20cm) and eluted with methanol-water 65 :35 to give staurosporine (1) (20 mg), the compound (2) (4mg) and the compound (3) (8 mg) respectively.
Analytical HPLCwas carried out and the compounds of interest showed retention times of 3.29, 3.92, and 4.05 minutes to (3), (2) and staurosporine (1) Structural Elucidation The structures of the new compounds (2) and (3) have been elucidated by NMRand mass spectra, mainly by comparison of their data with those of the known staurosporine.
The physico-chemical properties of the molecules are summarized in for (3) by FAB-MS spectra and 13C NMR spectra demonstrating the presence of additional CH2O and O atoms respectively compared to staurosporine C28H26O3N4. The UVspectra of both compounds suggested the presence of the indolo [2,3-a] carbazole chromophore of staurosporine (206, 242, 291, 320, 334, 354, and 370nm in MeOH) . The IR spectra (KBr) contained bands at 3400, 2940, 1670, 1590, 1460, 1400, 1360, 1320, 1280, 1230, 1120, 1070 and 750cm"1.
The *H and 13C NMRspectral data of (2) and (3) are 899 summarized in Tables 4 and 5 . Comparison of NMRdata defined the same aglycone structure (for atoms 1~13a) for staurosporine and the new compounds (2) and (3). Some differences were observed in the chemical shift for sugar moiety signals.
The relative configuration (Figure 1 ) and the solution conformation (Figure 4 ) of the tetrahydropyran ring of these two new staurosporine analogues were determined by NMRanalysis, in the free base forms, on the base of the coupling constants for protons, chemical shifts, and the cross-peaks from NOESY experiments. The vicinal couplings in (3) for protons 3' 4' , 4' 5' ,.and 5' 6' (see Table   4 ) are those expected for a slightly distorted chair conformation12'13); proton 6' has coupling constant of 1.2 Hz to 5' showing a 6'a5'/3 relative configuration; the NOESYcross-peak (see Fig. 4 ) to the proton 5' and the NMe shows a 5f/54fa relative configuration; the NOESY cross-peaks to the protons 4' and 3' and to this proton 3' and the methyl 2' show a 4'a3'a2'Mea relative transformed into 4 ' -Af-methyl-5 ' -hydroxystaurosporine (2) (60%) by treatment of a solution of4 mg of (3) in acetone (1.5ml) with K2CO3 (lmg) and methyl iodide (1 eq.) , showing that the relative configuration for both compounds are the same. Substantial changes in the NMRspectra were observed for (2) ; the chemical shift of the 7V-Me2 is 2.37 ppm [2.17 ppm for ]V-Me in (3)] and the chemical shift of the O-Me is 2.03 ppm [2. 71 ppm for ], the coupling constant for 4'5' is 9.9Hz (6.8 Hz in 3) , there are NOESYcrosspeaks (see Fig. 4 ) to 2'Me and 4'H, and also to 3'H andNMe2, all these values and cross-peaks can only be explained by a boat conformation12' 13) for this (2) .
In contrast to other staurosporine analogues carrying a SEPT. 2000 free hydroxy group in the sugar moiety, compounds (2) 
In Vitro Biological Activities
The cytotoxic activities (Table 6 ) of the new compounds (2) and (3), and the known staurosporine (1) were determined in vitro in cell cultures ofP388DJ (ATCC CCL-46), A549 (ATCC CCL-185), HT-29 (ATCC HTB-38), and SK-MEL-28 (ATCC HTB-72) following the procedure of Bergeron et al.l4\ Staurosporine showed the strongest activity. Since the chromophore is the same in the three compounds, the results suggest that the sugar moiety of indolocarbazole group antibiotics is important for their 
